In order to assure traceability along the meat transformation chain, a powerful system is required. The administrative traceability shows limits that the use of genetic markers could overcome. The individual genome contains sequence differences, basis of the genetic polymorphism of which the genetic markers are the witnesses. Among them, two classes seem to dominate on the traceability field: the microsatellites and the single nucleotide polymorphisms (SNP). The aim of this work was to develop a genetic traceability test in pig based on SNPs mainly located in 5' and 3' untranslated regions. We selected a set of 21 SNP markers including new SNPs identified in this study and SNPs previously described. A genotyping assay was performed on 96 individuals from the major crossbred pig population in Belgium. Results showed that all individuals tested presented a different genotype. We concluded that such a genetic treaceability approach might help the administrative system.
Introduction
During the last years in Belgium, the food industry was affected by several scandals and crisis such as the hormones, the polychlorinated biphenyl (PCB) (unjustly called "dioxin crisis") and the bovine spongiform encephalopathy (ESB), resulting in a mistrust of the consumer for the Belgian meat and a lost of export dealings [4] . In order to restore the brand image of Belgian meat products, it is important to assure a traceability along the meat transformation chain. In Belgium, several administrative traceability system exist, the principal is the SANITEL system including an automatic treatment of data related to animal identification and registration [4] . The main disadvantage of this system is that the traceability stopped at the slaughterhouse. It is therefore almost impossible to link a piece of meat with an animal. Moreover, the administrative traceability is not unfailing, the lost of documents and the risk of cheating are always possible. So, the administrative traceability presents limits that the use of genetic markers could overcome.
Indeed, the genome of individual animals differs from each other (with the exception of monozygotic twins). In other words, it is possible to distinguish all individuals of the same species since they possess differences in their DNA sequence. Today, the genetic markers used for the individual identification and parentage control are almost exclusively microsatellite markers, which occur once every 30-46 kb in pigs [16] . Single nucleotide polymorphism (SNP) markers are more abundant with an occurrence of about one SNP per kb in human [14] and about one SNP per 500 bp in mice [12] and cattle [8] . SNPs present following advantages over microsatelllite markers: 1) relatively stable from generation to generation [10] , 2) more easily in laboratory handling and interpretation [10] , 3) usable for standardized representation of genotyping results as a digital DNA signatures [6] , and 4) compatible with automation [11] . One disadvantage is that SNP is generally a biallelic marker as a result a lower information content compared with a highly polymorphic microsatellite. But, this disadvantage can be compensated by a higher number (at least 20) of markers [15] .
The first step of this study was to find new SNPs present in the 5' and 3' untranslated region (UTR) of pig genes. Next, we selected the more informative SNPs to integrate a set of SNP markers. After all, we estimated the potential utility of these markers in animal identification. The final aim of this work was to develop a powerful genetic traceability test for use in the major crossbred pig population found in Belgium in order to improve the administrative system used now.
Materials and methods

Animals and DNA samples
The panel of pigs consisted of 96 crossbred (Large White, Piétrain, Landrace) originated from 5 different channels of pig production in Belgium. DNA was extracted from pieces of cheek collected at the slaughterhouse, using the Wizard SV Genomic DNA Purification System (Promega) following the recommendation of the manufacturer.
PCR Primer design
One hundred and forty primer pairs were used for amplification and SSCP analysis (not shown). Primers used for sequencing and polymorphism identification are listed in Table I. All primers were designed with Oligo 6.6 software (Medprobe). For SSCP analysis, PCR products length was comprised between 100 and 300 base pairs.
PCR amplification
The PCR reactions contained 5 µl of purified DNA, 1 U of Taq 
Single strand conformation polymorphism (SSCP) analysis
For SSCP, 5 µl of the PCR product was mixed 1:1 with denaturating buffer (95% formamide, 0,025% xylene cyanol and 0,025% bromophenol blue), heat-denaturated at 95°C for 5 min., and then chilled on ice. Electrophoresis was carried out at 12°C constant temperature on a GeneGel SSCP gel 
Single nucleotide primer extension (SNuPe)
Amplification products were purified as described in DNA sequencing. For the primer extension reaction the following mix was used: 5 µl of purified PCR product, 1 µl of primer (2 pmol Extension primers are presented in the Table II.
Results
PCR amplification and SSCP analysis
In order to find new SNPs, a first screening by the SSCP method was realized on 20 5'UTR and 42 3'UTR. Thirty-nine primer pairs of 140 did not give the expected result by PCR (no amplification or non specific amplifications). Then, 101 primer pairs were tested on 20 DNA samples out from 96 for amplification and subsequent SSCP analysis of the PCR product. A polymorphism in the migration profile was observed with 38 primer pairs. Presence of SNP(s) was confirmed or invalidated in these PCR products by DNA sequencing.
Polymorphism identification
In order to determine the type and the position of the SNP(s), PCR products presenting a SSCP polymorphism were submitted to sequencing on both 
Determination of the polymorphism rate
For this step, new PCR primers were designed. Forty-eight DNA samples out from 96 were submitted to PCR and sequencing. For each SNP, allele frequency was estimated and the polymorphism rate (heterozygosity) was calculated as follow:
. Results are presented in Table III . We considered that a SNP is highly informative when the H value is comprised between 0,3 and 0,5. Only 21 SNPs out of 40 presented this criterion. But, SNPs in the same sequence were sometimes highly associated, and in this case we selected only one of them. Therefore, to obtain a minimum of 20
highly informative SNPs usable in a genotyping test, we completed our panel with SNPs already described in 5'UTR and 3'UTR and others various SNPs in porcine genes. Polymorphism rate for these SNPs was also determined (Tab. III). For 4 SNPs, no polymorphism was observed in the DNA sequence of the samples tested. After this first discrimination based on the H value, 22 SNPs remained available.
Probability of identity in crossbred pig population and genotyping assay
The SNP genotyping method was based on primer extension reaction and multiple injection system. The design of the SNP primers was done according to the recommended guidelines by Amersham Biosciences with the consequence that for some SNPs no SNP primer could be selected (i.e.
in X98558 sequence). Finally, 21 SNPs were included for the genotyping test (Tab. III). The utility of the set of these 21 SNPs to identify all animals in a population was evaluated. The average for the H value for these 21
SNPs was 0,44. The probability that an individual A selected randomly in a population is identical to an individual B selected randomly in the same population was calculated as follow [13] :
This probability is approximately 7 x 10 -9 for the 21 SNPs selected.
To test our SNP set in a real case, we performed a genotyping assay on 96 individuals representing the major crossbred pig population in Belgium and originated from 5 different pig production channels. Results showed that not any pigs tested possessed the same genotype (data not shown).
Discussion
Following the recent crisis in the animal production area, the public has emphasised the need for the improved identification of animals and animal products that can guaranty the traceability from the producer to the consumer. A beef carcass has a unique identity, linked to the identity of the live animal. However after processing from the slaughterhouse to the retail point, the carcass may be disassembled into a lot of separate pieces. To maintain identity through this processing and distribution chain using conventional labelling system is difficult [3] . Only DNA could help the administrative traceability as DNA sequence in each nucleic cell of an individual is identical and this sequence is specific to the individual (excepted for monozygotic twins).
To develop a traceability test in pig based on single nucleotide polymorphism, two choices presented to us: working with SNPs already present in GenBank or searching new SNPs in the major crossbred pig population in Begium. We chose the second solution. We studied 5' and 3'UTR of pig genes by PCR amplification and SSCP analysis. Seventy-two percent of the primer pairs designed gave the expected PCR product. For the others, either PCR conditions used were not optimal, or primers annealed in regions where DNA forms secondary structures, or primers were not specific for the region to amplify. Migration polymorphisms were observed for only 38% of the primer pairs tested. Presence of SNPs was confirmed from PCR products obtained with only 18% of the primer pairs.
In total, we identified 40 SNPs, representing an average of 1 SNP per 585 bp. This value is low compared with a similar study [9] . By directly sequencing PCR amplification products from genes on the porcine SNPs were already described in others porcine genes [1, 7] . These high polymorphic regions were used to develop a genotyping test by sequencing [2] . Composition of the 39 new SNPs identified in this study was: 74% C/T or A/G, 21% A/T or G/C or A/C or G/T, and 5% others. This observation is comparable with previous studies [5, 9] .
The heterozygosity value for each new SNP and for SNPs previously described was calculated. The H value varied from 0 to 0,63. The H values > 0,5 are explained by the fact that two polymorphisms showed more than 2 alleles. Furthermore, some SNPs previously described were not observed in the pig population used in this study. This observation underlined the fact that SNP could be population specific. Twenty-one informative SNP markers (H>0,3) were selected for the genotyping test.
The probability that 2 individuals selected in the same population are identical was approximately 7 x 10 -9 . Since the Belgian pig population is 7 10 6 , the test was considered as sufficiently discriminant. A real case scenario was realized by genotyping 96 individuals originated from 5 different pig production channels in Belgium. All individuals possessed a unique "DNA fingerprinting". Therefore, it seems that our genotyping test might be usable for a genetic traceability system. The main SNP detection techniques used for a high throughpout are DNA microarrays, mass spectrometry or OLA (oligonucleotide ligation assay). In the next future, we will change or improve our genotyping method to minimize the laboratory handling and to reduce the cost of the test. 
